High cycle fatigue strength testing of gamma TiA1 by the step test method is investigated.
Introduction
The recent emergence of gamma TiA1 has prompted much interest in this material as a lightweight alternative for turbine blades [1] . This has incited numerous fatigue studies of this intermetallic alloy system. The S-N curve is relatively flat [2, 3, 4] and at least two alloys exhibit a horizontal S-N curve [2, 3] , thus leading to run-outs I and potentially long and expensive testing times. The selection of an appropriate stress level for conducting a test is exacerbated by inherent variability in material strength. Thus, populating an S-N curve is difficult.
To overcome this problem, a step test approach [5] has been adopted, in which the sample is cycled at a stress low enough to insure that a run-out occurs. The applied stress is then increased by a small increment and cycling continues. If the test is run-out at this stress level, then another load increase is applied.
This process continues until the sample finally fails. The point on the S-N curve is given as the final stress where failure occurred, and the number of cycles to failure at this stress level. This type of test forces every sample to fail and produces a more thoroughly populated S-N curve. So the tendency is to be ultra-conservative and start with a very low starting stress resulting in a run-out, but then incrementally "sneaking up" on the failure stress with subsequent steps. For these tests the fatigue strength at a specific cycle number (105 -10 v) is used to calculate the stress intensity factor for the original flaw size. An S-N curve is not usually generated.
As early as the 1930's, it was shown that step testing led to artificially high fatigue limit strengths in steels compared to using conventional single level stress testing [10] . This behavior was termed coaxing. Coaxing is not observed in all materials, but has been observed in iron [10] , steels [10, 11, 12] and molybdenum [13] . Several reasons for coaxing have been postulated, the primary explanation being a strain aging phenomenon [ 10, 12, 14, 15] . Coaxing has been rumored amongst researchers who have tested gamma, although to the authors' knowledge this has never been proven. Previous work by the authors on the cast gamma alloy 48-2-2 has produced data suggesting a coaxing effect. otherinherentdefects(suchasporosity)in thematerial. As expectedthe failure strength decreases with increasingcracksize. In this figure thenumberof stressincrements (steps)until failure areindicatednextto the datapoints. For a given defectsize,those samples with higherfailure strengthsgenerallyrequiredmoresteps(seein particular thosepointsat approximately0.6 mmdefectsize). This effectappearsto bemore significantat smallerdefectsizesanddiminishesasthe defectbecomeslarger. The coaxingphenomenon, if it occursin gammaalloys,would renderthe resultsmeaningless for design. Consequently, this paperaddresses whetheror not the relationshipbetween the numberof stepsandthe failure strengthis a resultof coaxing. 10 6 cycles. This process was repeated until the sample separated into two pieces.
Experimental Procedure
Tests were run on both virgin (non-impacted) and impacted samples.
For impacting, the sample was heated to 260°C and a 70 MPa tensile stress was applied. Impacting was performed using a gas gun firing a 1.6 mm steel ball at the sample. The hardness of the ball was <20 HRC. The projectile speed was approximately 120 m/s, which yielded an impact energy of 0.12 J. The sample was impacted at a location 0.5 mm from the edge and parallel to the thickness of the sample. The resulting surface cracks were measured before fatigue testing. Further details on testing can be found in [7] .
Design of Experiments (DOE)
To investigate the step test method, a series of fatigue tests were run on virgin samples at 650°C in air. This was done since the undamaged samples should all fail at nominally the same stress, simplifying the choice of a starting stress level. Also based on figure 1, 
Results and Discussion
Fatigue test data are shown in Table I . Eight samples were started at approximately 214 MPa and 9 samples at 280 MPa. The fatigue strength is the maximum stress at which the specimen survived 106 cycles. The stress steps include the final increment. The other four samples failed elsewhere in the gage section, indicating the good damage tolerance of this material. Of the two samples failing at the impact damage, specimen 2-3-31 had a slightly smaller crack, was started at a lower stress, and required more stress steps to failure. This sample had a lower fatigue strength than the other sample (2-3-9), which again suggests that coaxing is not an issue.
The remaining impacted samples (not listed in Table I ) were treated as virgin samples since they did not break at the impact. Their average fatigue strength was 310 MPa and falls within the 95% confidence interval of the pooled means calculated previously from the DOE. Note that since these tests were expected to fail at lower stress values due to the impact damage, they were all started at very low stress levels. Hence, they required a large number of steps (10-17) for failure. This is another indication that coaxing did not occur.
